[ UCI]1804: 24011- 200000232845

20065 2H

(-t VAN '

AAZHH exopolysaccharide 2373

Tkl £ # 5S4 A8



AR ZHY exopolysaccharide 73

Tkl £ % 54 A8

Isolation and characterization of the exopolysaccharide-
producing lactic acid bacteria from kimchi

20064 21
i == Y S N == 3

£ mE & 82 R



HEHR R OB &

Ol XS BRETBMAF WXE RHE.

20055 10H

g s Ok B K Ok B B

B’

)@Hﬁ



I%=I-

i3

7]

= o

& X =

72

&F%O M B{

ED

%
E

E

7ol
zl

KA1

1K
L

Fl]

{F
E

E

ol
8y
Kd
1K
K

Fl]

{F
E

E

ol
=

<

K

i
L

H

2005 & 11 H

WK B KB B



e

A 2 A AFAE W HFH

= o

N
<5
i,
v
o,
o,
e
N
lo
offt
o

w
o
e
w
o
o,
£
N
lo
Jm
o,

3) wi=x]e] %=7] pHel w&

4. FYtFo] A AHA &

D WAk 2ole e A ek

© © © © O

10
10
10
11
11
11
12
12



A 3

&
01- 1
L
=
i)
N\
ol

@
4
oX
oft
e
e

o
)
&
ya
K
]

. EPS A2 24

3) HIAI Q] Z 7] pHO TFE AT S ceeeeeeretre ittt it it e

.%ﬂ&%ﬂ 101—14] zg;z}/ké ;_c‘zj]-?_

D A 2 dedd A%

2) ¢!

o,

=3
=4

ol
N

] 8} A

2) ?-/Ké % E_‘—?_]

o

A R L B e

12
15

16

18
26
26
26

27
31

31
35

1) T,‘j_a] g; ijﬂ

39
39
42
45

48

50



LIST OF FIGURE

Figure 1. 16S rDNA sequencing procedure for the isolation of strains -«-«-eoreoveeee:8
Figure 2. Isolation of EPS producing LAB from Kkimchi oreereeerererermin 17
Figure 3. Gram staining of the isolated STraing - ssesrerrrmmsmeemnininani e 2()
Figure 4. DNA sequence of the amplified 16S rDNA from isolate GJ2 »+-xrveeeere:22
Figure 5. DNA sequence of the amplified 16S rDNA from isolate C3 «-ereeeeee223
Figure 6. DNA sequence of the amplified 16S rDNA from isolate C11 «-reoeeeee24

Figure 7. Phylogenetic relationship between Zewucornostoc iwnchir GJ2, Leuconostoc
citreumn C3, Leuconostoc mesenteroides Cl1 and other related bacteria

Figure 8. Growth curves Zew iwnchui GJ2, Lew citreurn C3 and ZLew

mesenteroides C11 in MRS broth at 30T «rroreeerrrerrrere e O8

Figure 9. Effects of NaCl of the growth media on the growth of Zew rAunciir GJ2,

Leu. citreurn C3 and Lew mesenteroides Cl1 corevrrereeei 09



Figure 10. Effects of initial pH of the growth media on the growth of Zew Aunctir

GJ2, Lew citreum C3 and Lew mesenterordes CL1 «woroveereeiiieneii3()

Figure 11. Acid tolerance of the EPS producing isolates in 0.05 M sodium

Figure 12. Survival of the EPS producing isolates in artificial gastric juice of pH

Figure 13. Bile resistance of the EPS producing isolates against 0.3% oxgall - 36

Figure 14. Bile resistance of the EPS producing isolates against 0.5% oxgall =---- 37

Figure 15. Bile resistance of the EPS producing isolates against 0.3% oxgall after

treatment for 2 hours in artificial gastric juice of pH 3.0--coreeereeereeae 38

Figure 16. Thin layer chromatogram after acid hydrolysis of the EPS produced by

Leu rimnciur GJ2, Lew. citreurn C3 and Leuw. mesenteroides C11 -+ 43

Figure 17. HPLC chromatogram after acid hydrolysis of the EPS produced by

Leu rimciir G)2, Lew. citrewn C3 and Lew. mesenteroides C11 v+ 44

_Iv_



LIST OF TABLFE

Table 1. Sequences of the oligonucleotide primers used for PCR amplification of

Table 2. Operating conditions of HPLC analysis for sugar composition

Table 3. Morphological and cultural characteristics of isolate strains GJ2, C3 and

Table 4. Sugar utilization characteristics of the isolated strains GJ2, C3 and

Table 5. EPS production by Zew rFkimchii GJ2, Lew citrewrn C3 and ZLew

mesenteroides Cl11 in 50 mL sucrose broth at 30C for 48 hours::-« - 41

Table 6. Viscosity of the fermentation medium and EPS solution by Zew. rkunciii
GJ2, Lew citrewn C3 and ZLew mesenterordes Cl11 in 50 mL sucrose



ABSTRACT

Isolation and characterization of the exopolysaccharide-

producing lactic acid bacteria from kimchi

Kim, Hyo-Ju
Adviser : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

Lactic acid  bacteria  isolated  from  kimchi  were  screened  for
exopolysaccharides(EPS) production. Three lactic acid bacteria were able to
produced EPS from sucrose media. The selected strains were identified as
Leuconostoc kimchii, Leuconostoc citreum, Leuconostoc mesenteroides strains GJ2,
C3 and Cl11 by using Biolog test and 16S rDNA sequencing. In the viability tests
in the presence of artificial gastric juice or bile, the isolated Zew. Awnciir GJ2, Lew.
citreum C3 and LZew mesenteroides Cl1 showed high viability(maintain initial
viable cell, 10° CFU/mL) for 2 hours in 0.05 M sodium phosphate buffer (pH 3.0),
in artificial gastric juice and for 24 hours in artificial bile. In liquid media
containing sucrose as carbone source, the amount of EPS produced by Zew Fkirrchiz
GJ2, Lew citrewn C3 and Lew mesenteroides Cl1 was 2149 g/L, 1646 g/L and
22.98g/L, respectively. In the EPS produced by Zew /luonctui G]2, Lew. citrewn C3

and Zew mesenteroides Cl1, sugar comprised 96.48% w/w, 89.38% w/w and
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91.05% w/w, respectively while the protein content was found to be 0.8% w/w,
09% w/w and 0.95% w/w for GJ2, C3 and Cl1 EPS, respectively. The sugar
compositions of the EPSs were analyse by TLC and HPLC analysis from acid
hydrolysis of the EPS. EPSs produced by Zew Aiuncir GJ2, Lew. citrewrn C3 and
Leu mesenteroides Cl1 contained only glucose. Viscosity of the 4% EPSs and
purified EPSs solution were highest EPS produced by Zew. citrewmn C3(136.3cp and
3719cp, respectively) while lowest EPS produced by Zew mesenteroides C11(3.57¢cp
and 6.07cp, respectively). The viscosity results showed that the difference in
viscosity of the EPS produced by Zew Awnchii GJ2, Lew citrewm C3 and Lew
mesenteroides Cll may be caused by the difference in molecular weight and

structure of the EPSs.
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A 710] AFe] A Aol npFA s AL A Fh(38). I dFo fAakAtS
o A &= exopolysaccharides(EPS)E A A st AFe 223 HAA g = 7] o3}

ATH(38). frabt A EPSw 53°], F4ket SR FAFANA Z A IAd

3 z2A7e Roldwthl, 18). WA AHd 58 Zas doa ddas SolA

= Fa o diet obAA gAY RA HFgRAFY THTLR EPSAA AT E
WS 0@l AR E AFS o $UH(9, 38, 39)
EPS: AlZdel A% ex MEuFeel §us gARAL ALy 9%l slimed

H2A HgFe 245E nAE g iE, 123 BE 23 gAREE o tH(7). EPSE o
AR TE] F2, A, 545F
B AR 2EYA T3 e 9RIFFoerRE AAE BIsE FHES d(12).
o mAY BatEE 1 AlEe nEA FFARA AT FANA wFAY A g
2% 98& ). EPSE AAFY FdoA wAdEo sMF dEoz AAIE v
ojm, Wik o2 RE 357t Ha, A Go] HA Sz AFAAA FAHe] A
Folth(17). Aketel ols) A EPSE 2 #Fol wa FAZe 79

Hgo] A2 th2thE Aol ojw ®ma soFul 9lrh(32, 33).

T2 A EPS &/ + homopolysaccharides® heteropolysaccharides®] & I+



o8 FEFHLH25 30, 33, 38). Homopolysaccharidesi= % fructose?2} glucose2}
22 g 7HA FHY ddoEnt A e AE AASH, 1 FTREES
Streptococcus salivariusSy Streptococcus mutans®| 2% fructans type?l levan¥}
inulin®] 129, glucans typel. 2 Zeuconostoc mesenteroides subsp. mesenteroides
&}y Zew mesenteroides subsp. dextranicum®| & AAE dextrand  Zew
mesenteroidesd| 2T alternan B Streptococcus mutansSt Streptococcus sobrinusol
ofsl AJ4kEl mutane] of 7]el & gth(17, 40).

Heteropolysaccharides= F+ 7FA E+ I o]49 Tt & F/7 dIFEZ FAHY
gow, F9 FAFOFZ glucose, galactose, fructose ¥ rhamnose’} A E & v &
=2 A o] i1 A TH(32). Ll 75 N-acetylglucosamine,
N-acetylgalactosamine, glucuronic acid®} phosphate, acetyl, glycerol®} 72 o] o}
d Ed50 ATS FASE A% AUE8, 39). T2 Lactococcus lactis subsp.
lactis, Lactobacillus caser, Lactobacillis sake T2 2/ AT EI Lactobacillis
acidophilus, Lactobactllis delbrueckii subsp. bulgalicus, Streptococcus thermophilus

Y Z2A FATECd & AAEU3E1, 32). dAA  dextran, xanthan, gellan,

pullulan, yveast glucans S°] Atg 2 o g F 9384 ALgEHIx 1 dEd, E3] dextran
2 {35 A, F3A, AZA, B 24A, dATFA ol LHHATH ALEH
of gtom, Ay v RFA T3 @ A" A4 HA, g4y Ao A3} ofo] X~
a9l AR FAAF] EA4xE T AFTHAAE s o] & H i Urh.(37,

40) B3 Xanthomonas canpestris=H-¥  AAE S xanthand  Sphingomonas
pancimobiliso A 2] gellan< 2] %ol A 1 5573 rheological5A W&o o]n w|=r
FDA (United States, Food and Drug Administration) 28 2% 7[5 2 Algo] 37}
Hol g oz o] §xojxa dTH3l, 32).

FH Lol 9k = EPS7F #A9 v EAVITAANEZATLE ofH ol AA T8 AREH
2249 AT AZA  FEBL v §ATF Bfidobacteria®l  EPS$}
Lactobactllis delbrieckri subsp. bulgalicus, Lactobacillits helvertficus var. Jugurir=.

BE §H3 EPSEo FdaHr Atz B3 stAH2R). StrevtococcrEEE AALE
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1. EPS AR AT &3

AAZEEH EFHo fAToez Fod HAFATFE sucroseltryptone 10 g,
yeast extract 5 g, dipotassium phosphate 5 g, diammonium citrate 5 g, sucrose 50
g /1 L, pH 700 A v X o] =d3d}o] 30Co) A 481 7F vl %3 & mucoid colonyE U}
Bus ddds =
lslo] EPS A TTFE AR I Y. &8 ¥ MRS(Difco, France) 9 Aul} =] nj
3 T 7)o U= wjokdo] glycerole] 25%(v/v)7t A H7Fete] 70T A B
#stg o, Age A& 44 5 mL MRS dAwl=|o] HZF3ste] 30TColA 244 3¢

2
o

stal, A sucrose HAMfA A HA=EE ERlGtE A&

W Fer - MRSAA Aol 12} Aldetar, thA] sucrose YA Aol 244 At so] 30T

Oﬂ /\1 48}\] Z_]' HH 001: '5‘]_ oq }\]__g_ —é—}_ 9;]\

2. EPS AT &A

E#® EPS AATFE 2% Y9 M (Gram stain kit, BD Co., USA)S v £3 3 ejst
2 EA, API kit(50CHL, Biomérieux Co., France)2 o]&3% Azstsd EA 2 16S
rDNA @714 d &4 & Fstod AT 16S rDNA @714 49 45 A Ed
o 2 RBE 2 genomic DNA F% 2 Genome DNA kit(Q-Biogene, USA)S A}-&31
T e TS ¢ 16S rDNA F 3§ primere At 503 primer(Table 1)
55 2839t PCRS Palmceycler(Corbett Reaserch, Australia)e Ab-g3lo] 4= 3}

ATt 2=F AL 95T A 58 7F pre-denaturationg 33t 95C 30%, 61T 30%,
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72C 1% 30x9 AL 303 &I & 72C 1087 post-elongations 233

PCRol 93le] Z=Z35 TdAL Qiaquik gel extraction kit(Qiagen Co., Germany)< A}
f3lod 343 & pGEM-T easy vector(Promega Co., USA)°l ligationdt vt £ coir
TGlE FAEE Abgsto] A8 &l om, A A (ampicillin, 50 pg/mL)7F 4+
H LB aA|wf Ao =gste] 37Col Al 12413 Fda) kst ot LBAP A <] o 3 A
H colony= 50 pg/mLe] ampicilline] &-f%¥ LB A u]A|o] 37CeolA 12413+ & u)
%3to] Qiaprep spin miniprep kit(Qiagen Co., Germany)2 2 plasmid DNAE F&73}
Aot AxF plasmide= A eI A Aol (TaKaRa Co., Japan)o 2 digestiondsto] Af
P GH AV E AT F FFTERGAdATHo o] AVIALESE AA s
Atk A7 Ee 454 AAFE GeneBank databased] 5E5H HRE A S E Blast

o,

2

program(16)° <& A 33}



Table 1. Sequences of the oligonucleotide primers used for

PCR amplification of 16S rDNA

Primers Oligonucleotide sequences(5” — 37 )

Forward : GCGGCGTGCCTAATACATGCAAGTCG
LeuP
Reverse : GACCCGGGAACGTATTCACCGCGGC




Genomic DNA extraction

l
PCR amplification of 16S rDNA using LAB specific primer
l
purification of PCR product
l
PCR fragment ligation to pGEM-T Easy Vector
l
transformation to the £ co// strain TGl
l
incubation on LB plates containing 50 uxg/mL ampicillin
l
transformant toothpicking into LB broth containing 50 gg/mL ampicillin
l
incubation for 12 hours at 37T
l
preparation of recombinant plasmid DNA
l
confirmation of the insert DNA by digestion with restriction enzyme EcoR I
l
get the sequence data commission to Korea Basic Institute
l

sequence database searches in GeneBank using the program BLAST

Figure 1. 16S rDNA sequencing procedure for the isolation of

strains



3. EPS AAHF9 54

1) M FA e e AFE

weE o] WA el e ASEE £AFSHY] 918ke] MRS fAlwf Aol et

H

£ 1% (v/v) " F3to] 30Tl 36A1ZF AR st v 3AZRT Aol A 533

[l
N
il

2 =43 WaE 2ARUY. FHEE PA Y 24 Zol/] HAd e

3 o pstel =4 e

2) WA 9 NaCl ¥%° & A=

WAS 27 NaCl ¥%7b ®eldel ggel vAs Ggs 287 Askel,

NaCl& 0, 1, 3, 5 ¥ 7%(w/v)= H7}3 MRS dA Ao EHHAFZ 1%/ Q=3

o

1 30Tl A 2477 AAMFT F Asol X FFE=E FAHS ] ASFEE Fdsdh

THEE AP eatE S0V A e dFE MY wjFete] AT

i

3) WX %7] pHol W& W&

Aol 27 pHZE el g o] Al vA= 9 £AFe7] Aske], 1 N NaOH
Y= 1 N HCIZ pH 4.0, 50, 6.0, 65, 7.0 % 1000 % HAg MRS HA|ujA]e] i

TFE 1%(v/v) FFsto] 30Tl A 24413 AR FEE F Aol A FF =S S 5o

AEEE FAsh FEE AP oAE oy A3 RATFE 3WH )
Fstol =439k



T TTY 2 A AP 4 d A pHell tid U e A2 1 N HCI
S AF835e] pH 3.00%2 ZA3 0.05 M sodium phosphate £ 3lollA A] & 3s}4 o
(23). AN el A AadAdL Al st 2307 FARS BAH oA SA3H7] A5

o

of ATHAE EASe] HARYAT ATAN £AE Kobayashi%s 2l (20) WL W

O

&35l 1 N HCIE AFg3to] pH 3.002 =A% MRS |8 A o] pepsin(Sigma Co.,
USA)S 1,000 unit/mL ¥ =% H7}stdth. EPS AL s B8 75 sucrose 9
A Ao 1% (v/v)HE3ke] 30Tl A 4841z v eket & U412 (9,950xg, Smin)dto]
AR A AATFL dAS 33T S pH 3.09 0.05 M sodium phosphate & 93}

THOo® FUbsko]l 30Tl A 2417w Fskdth. 2417 vl <
T AT E A WA deede] de AFdEE vustidd. AdFe A4
= ®EdF7E EPSE AAEA @

& =
FHEA MRS A wjFe] (30T, 24A13h) = AF&-ste] FdetAl A2 s A

AlFFFe A= MRS dA8AA 045 um filter(Milipore Co., USA)Z o33} A
¥ Oxgall(Sigma chemical Co., USA) €45 0.3%, 05%7F == #7139 v.(36)
T T AFEFl te WA sucrose A v A T AT Ao A 242 F et Y
ek wikdS 7h7E YA (9,950%g, Smin)dte]l A NS A AL FAHE IS
THEAE AN FFoR HIEsto] 30TColA 24417 v Fat A Th 244 7F )

TE SAG AdrEFel g A S vusdn Adre A0 ER
g4 35te] 3R ZAsAY. YErFoeRE EedF7F EPSE AASHA 22 AHEA

MRS A #jekel (30T, 244 1H)& AHgste] F st Hels g



5. EPS9 %4

1) EPS

el F 2R A" EPSY Ealt oA widS 4ToA 94 %2](9,950xg,
25min)ste] Al E A7, EPSE HAAI7I7] 98] 3|43 G el 2u kel Wz
" 95% oleEs AMAE 7hete]l 4TolA 15413 HAAAZY. Ad=S A
(9,950%g, 25min, 4C)sle] 3 Fstx, & deE2S XA T FTZAHZ(Samwon

freezing engineering Co., Korea)dt®] ©]& crude EPS®E 3} % th(47).

2) AA

A

NS Y% EPSY AAAALE o2 2o TAa e trichloloacetic

=]
hUN

acid(Sigma chemical Co., USA)E HFT T LE7F 4% (w/v)7l S 2% A

N

FelaL 4ColA 2
A AP e Al E2(9,950%g, 25min, 4C)ste] wAeL HAHE dMAS AAGH
o} A AL 33 T 02 i filter(Milipore Co., USA)E o 3}&lo] F& bz g x
Astar, 2ufFe] WzhE 95% ol ®hES A AS] 7hete] 4TelA 15413 A Ao A
AL AR (9950xg, 25min, 4C)ste] 3 etal, @S eSS AxA F 3%
=5 £83te] dialysis—sack(M.W. cut off 10,000, Spectra/Por 6

Spectrum Laboratories, USA)o| ¥ o] 4T, 2447 Tt B4 7 g TZ2A% 39

tH(50).

- 11 -



6. EPS° 54

AAE EPSe =9 392 Dubois 52(35) phenol-sulfuric acidd o2 =733

ot &l &34 EPS& Y 1 mLell &% 5%(w/v) phenol(Fluka Co., USA)S 7}3
T SA g A 5 mLE ¥ 1023 AA T F 25C water batholl Al 10 A 2] 8t
o Aol A FFEE SAAY. FFdEE AgdAMY oas Fol7] Y8 zh7zt 39
A S AA ZALAY. EFEE 2 E glucoses AFE3HA T

EPS9 & @l @2 Schacterle ¥ Pollack(10)% & o] &3lo] FAs AT Eo &
A7 EPSE N 1 mLol 529 alkaline copper& oS ¥ 1087 AX 3 & phenol
working solution 4 mL& A 7}sle] 55C water batholl A 5% A d & FA] 27
A Aol Al FFEE SASAY. SR EE APelAY oAE Fol7] A A4 3
2 HkS A A Z2AE . EFEd 25 bovine albumin(Fraction V, Sigma)g Al-& 38}

SAtt.
3) 74 2 &
EPSO 74 3& &lstr] fste] EPS Zhieled A& ¥ TLC % HPLCE
C

o] &3l A3 HTH37). EPSY 7FEsl= 2 N 3Aihoe 2 100
AR e, 1 N NaOHZ S35t 045 m filter(Milipore Co., USA)Z o] 3} 5} o]

o Al 3~6A1%F &<t

AlZ=Z AHEstth. TLCy +Hl® A5 & TLC plate(Whatman K5F, 150A)e] 1 uL

HAE T AJ)89] acetone : butanol : water (4 5 : 2)2 2¥H AHMAIZ ©HE,

- 12 -



2

05%(w/v) a-naphthol@} 05%(v/v)&Are ¥ 313 ot S olo] Gau AZRAZ F
120C Lol A 103 HAAIA spote] $1AE &9 vH(14). HPLC= &4 column
© & carbohydrate analysis column(3.9 mm x 300 mm. Waters)S AF§3t9on o] &
Ao 2= 80%(v/v) acetonitriles AR TH ol F4 e #F%& 15 mL/mino = 3}S]

o™, A &% autosamplerMIDAS 830)& o]&3to 20 ulL 93t RI(Regractive

Index)d =712 =3}

_13_



Table 2. Operating conditions of HPLC analysis for sugar

composition determination of EPS

Column Carbohydrate analysis
column(Waters)

Elute Acetonitrile(80%, v/v)

Flow rate 1.5 mL/min

Detector RI detector

Column temperature 35T

RI detector temperature 35T

Injection volume 20 uL

- 14 -



4) 3=

A E EPSe A X+ Brookfield viscometer(LVDV I +Pro, USA)ol small sample
adapterg F23to] spindle No.18% At&3to] SA3 AT, HE9 F4L sucrosed] &
o] FAN} BAME oets FHste] 343 crude EPS, BAl EPSel tisto] 4
Attt olebg HAste] 34238 crude EPS9F A Al EPSE Z+7 32 SR/ 4 25 mL
9} 10 mLel €3sle] SAHSFAT. At APdAd x5 Fol7] & 779

EPSE 3W¥ FHjste] Attt =8, EPS @] mE HEe Aojo] tjH]sto]

_15_



A3 A

P!
3
Y

1. EPS AA 59 =4

AAZEEH E23 fakd FolA EPS A #FE A7) 938 sucrose i3] 9|

Aol mksto]l 30Tl 48413 wieFetdrt. 1 23 AAAY HAES UEle #&

ofN

wLelet A th(Fig. 2). #a1% 3% EedF= AdY GJ2, C3, Cllolet BAA

O:

*
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Figure 2. Isolation of EPS producing LAB from kimchi

1. Isolate GJ2 grown on sucrose medium containing 5% sucrose.
2. Isolate C3 grown on sucrose medium containing 5% sucrose.

3. Isolate C11 grown on sucrose medium containing 5% sucrose.

- 17 -



2. EPS AA a9 A

EPS AA welwt5o duisty, Astet4 54 3 165 rDNA @714d 245 &

gFFES MRSHIA Ol HFsto] 2440 @ 7] v kst
Gram QA ste] Fedvngor B2e A3} (Table 3, Fig. 3) 3F B5% IHYA T
ol om colonys T¥oR FWS vty GJ2, C3e $HEE, Cl1e IS
UelWith AskeE 54 o2 API 50CHL kits AH435te] & tAls S HED Ays
Table 40 YebAch el #F 9 16S rDNA 9714 dS GJ2E % 1,306 bpE, C3&
% 1,359 bpE, Cl12 % 1,359 bps ZAI F o]z 16S rDNA A 94 2(Fig.
ok 285 GJ2, C3, Cl1e 72tz

o}}i

ol

4-6) Blast programe A}&3te] AsAdS A4
Leuconostoc  fimctri AF1793863  99%, Lewconostoc citreurn AF1119499F 999,
Leuconostoc mesenteroides AB0232463 99% ¢ =& AEAS ety o, Fig. 7
o 16S rDNA 97| ES 7122 ¢ U E bacteria®te] AlsZAE4 #AAE UENA
=S

EPS A4 #edF GJ2, C3, Clle] 7 diates £33 dvAd 543 168
rDNA Q71X 48E XS AW 27 Zewuconostoc kimctui, Leuconostoc citrewn,
Leuconostoc mesenteroides= FARAHQeH, 1 AF} GJ2, C3, Cll1& 47
Leuconostoc kunchii GJ2, Leuconostoc citreum C3, Leuconostoc mesenterordes C11

2 99y

_18_



Table 3. Morphological and cultural characteristics of

isolated strains GJ2, C3 and Cl1

characteristics G2 Cc3 Cll1
Gram-stain + + +
Morphology coccus coccus coccus
Colony circular circular circular
Colony
smooth smooth smooth
surface
Colony milk milk white
color color color color
colony
} opaque opaque opaque
opacity
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Figure 3. Gram staining of the isolated strains

1. Isolate GJ2, 2. Isolate C3, 3. Isolate C11
Gram stain kit, BD Co., USA

magnification : x 1,000
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Table 4. Sugar utilization characteristics of the isolated strains

GJ2, C3 and Cl1

Reaction G2 C3 Cl1 Reaction GJ2 C3 Cl1
control - - - Esculine + o+ F
Glycerol - - - Salicine + + +
Erythritol - - - Cellobiose + + -
D-Arabinose - - - Maltose -+ 4
L-Arabinose + o+ A Lactose - -+
Ribose + - 4 Melibiose - - 4
D—-Xylose - - + Saccharose + + +
L-Xylose - - - Trehalose + - 4
Adonitol - - - Inuline - - -
B-Methyl-xyloside - - - Melezitose - - -
Galactose - - 4 D-Raffinose - - 4
D-Glucose + o+ A Amidon - - -
D-Fructose + + + Glycogene - - -
D-Mannose + + + Xylitol - - -
L-Sorbose - - - B -Gentiobiose + o+ -
Rhamnose - - - D-Turanose + - F
Dulcitol - - - D-Lyxose - - -
Inositol - - - D-Tagatose - - -
Mannitol -+ 4+ D-Fucose - - -
Sorbitol - - - L-Fucose - - -
a- Methyl-D-mannoside - - - D-Arabitol - - -
a-Methyl-D-Glucoside  + + + L-Arabitol - - -
N-Acetyl glucosamine + + + Gluconate + + +
Amygdaline + + - 2 keto—gluconate + - +
Arbutine + + + 5 keto—gluconate + - -
Incubation at 30C for 48 hours
+ ! positive reaction, — : negative reaction
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1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
%961
1021
1081
1141
1201
1261

CTGTCCCACT
TCCCATGGTG
ATCCGCGATT
GAGACGTACT
TGTAGCACGT
CCTCCGGTTT
TAAGGGTTGC
CATGCACCAC
GATGTCAAGA
TTGTGCGGGT
AACACTTAAT
TCGTTTACGG
TCAACGTCAG
GCATTCCACC
CCAATGCCTT
CTCGCTTTAC
GGCGCGTATT
CTAGCTGTTC
CGTTGCTCCA
AGTTTGGGCC
ATTGTCTTGG

TGACGCCGAT AGCGCCTTTT AACTTTATGT CATGCGACAC TAAGCC

TAGACGGCTC
TGACGGGCGG
ACTAGCGATT
TTAAGAGATT
GTGTAGCCCA
GTCACCGGCA
GCTCGTTGCG
CTGTCACTTT
CCTGGTAAGG
CCCCGTCAAT
GCGTTAGCTT
TGTGGACTGC
TTACAGTCCA
GCTACACATG
TCCGGAGTTG
GCCCAATAAA
TACGCGTCCC
TTCCCATACA
TCAGGCTTCG
GTGTCTCAGT
TGAGCCTTTA

CCTCCTTACG
TGTGTACAAG
CCGACTTCGT
AGCTCACCTT
GGTCATAAGG
GTCTCGCTAG
GGACTTAACC
GTCTCCGAAG
TTCTTCGCGT
TCCTTTGAGT
CGGCACTAAG
CAGGGTATCT
GTAAGCCGCC
GAGTTCCACT
AGCTCCGGGC
TCCGGATAAC
TTTCTGGTAT
ACAGTGCTTT
CGCCCATTGT
CCCAATGTGG
CCTCACCAAC

GTTAGGCCAC
ACCCGGGAAC
GCAGTCGAGT
CGCAGGTTGG
GGCATGATGA
AGTGCCCATC
CAACATCTCA
AGAACACTTC
TGCTTCGAAT
TTCAACCTTG
AGGCGGAAAC
AATCCTGTTT
TTCGCCGCTG
TACCTCTACT
TTTCACATCA
GCTCGGGACA
GGTACCGTCA
ACGACCCGAA
GGAAGATTCC
CCGATCAGTC
TAACTAATGC

CGGCTTTGGG
GTATTCACCG
TGCAGACTGC
CAACTCGTTG
TCTGACGTCG
TGAATGCTGG
CGACACGAGC
TATCTCTAAA
TAAACCACAT
CGGTCGTACT
CTCCTAACAC
GCTACCCACA
GTGTTCTTCC
GCACTCAAGT
GACTTAAACA
TACGTATTAC
CACTAAAATC
AGCCTTCATC
CTACTGCAGC
TCTCAACTCG
ACCGCGGATC

CATTACAAAC
CGGCGTGCTG
AGTCCGAACT
TATACGCCAT
TCCCCGCCTT
CAACTAACAA
TGACGACGAC
AGCTTCAAAG
GCTCCACCGC
CCCCAGGCGG
CTAGTGTTCA
CTTTCGAGCC
ATATATCTAC
TGTCCAGTTT
ACCGTCTGCG
CGCGGCTGCT
ATTCCCTATT
ACACACGCGG
CTCCCGTAGG
GCTATGCATC
CATCTCTAGG

1306

Figure 4. DNA sequence of the amplified 16S rDNA from

GJ2
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1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
%61
1021
1081
1141
1201
1261
1321

GCGGCGTGCC
GAGTGGCGAA
GAAACAGATG
ACGGCGTCAC
CAAGACGATG
GCCCAAACTC
GAGCAACGCC
AATGCTAAAA
TACGTGCCAG
AAAGCGAGCG
GGCATTGGAA
TGGAATGCGT
GACGTTGAGG
GTAAACGATG
TAAGTATTCC
CCGCACAAGC
TTGACATCCT
GGTGCATGGT
AACCCTTATT
ACCGGAGGAA
GTGCTACAAT
TACGTCTCAG

TAATACATGC
CGGGTGAGTA
CTAATACCGA
CTAGAGATGG
ATGCATAGCC
CTACGGGAGG
GCGTGTGTGA
TAGGGAATGA
CAGCCGCGGT
CAGACGGTTG
ACTGGTTAAC
AGATATATGG
CTCGAAAGTG
AATACTAGGT
GCCTGGGGAG
GGTGGAGCAT
TTGAAGCTTT
CGTCGTCAGC
GTTAGTTGCC
GGCGGGGACG
GGCGTATACA
TTCGGACTGC

AAGTCGAACG
ACACGTGGAT
ATAAAACTTA
ATCCGCGGTG
GAGTTGAGAG
CTGCAGTAGG
TGAAGGCTTT
TTTTAGTTTG
AATACGTATG
ATTAAGTCTG
TTGAGTGTTG
AAGAACACCA
TGGGTAGCAA
GTTAGGAGGT
TACGACCGCA
GTGGCTTAAT
TAGAGATAGA
TCGTGTCGTG
AGCATTCAGT
ACGTCAGATC
ACGAGTTGCC
AGTCTGCAAC

CGCAGCGAGA GGTGCTTGCA CCTTTCAAGC

AACCTGCCTC
GTATCGCATG
CATTAGTTAG
ACTGATCGGC
GAATCTTCCA
CGGGTCGTAA
ACGGTACCAT
TCCCGAGCGT
ATGTGAAAGC
TAGAGGTAAG
GTGGCGAAGG
ACAGGATTAG
TTCCGCCTCT
AGGTTGAAAC
TCGAAGCAAC
AGTGTTCTICT
AGATGTAGGG
TGGGCACTCT
ATCATGCCCC
AACCTGCGAA
TCGACTGCAC

TCGCGGATCA GCACGCCGCG GTGAATACGT TCCCGGGTC

Figure 5. DNA sequence of the amplified

c3
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AAGGCTGGGG
ATATCAAGTT
TTGGTGGGGT
CACATTGGGA
CAATGGGCGC
AGCACTGTTG
ACCAGAAAGG
TATCCGGATT
CCGGAGCTCA
TGGAACTCCA
CGGCTTACTG
ATACCCTGGT
TAGTGCCGAA
TCAAAGGAAT
GCGAAGAACC
TCGGAGACAA
TTAAGTCCCG
AGCGAGACTG
TTATGACCTG
GGTGAGCTAA
GAAGTCGGAA
1359

ATAACATTTG
AAAAGGCGCT
AAAGGCTTAC
CTGAGACACG
AAGCCTGATG
TATGGGAAGA
GACGGCTAAA
TATTGGGCGT
ACTCCGGAAT
TGTGTAGCGG
GACAACAACT
AGTCCACACC
GCTAACGCAT
TGACGGGGAC
TTACCAGGTC
AGTGACAGGT
CAACGAGCGC
CCGGTGACAA
GGCTACACAC
TCTCTTAAAG
TCGCTAGTAA

16S rDNA from

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320

isolate



1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
%961
1021
1081
1141
1201
1261
1321

GCGGCGTGCC
GAGTGGCGAA
GAAACAGATG
TCGGCGTCAC
CAAGACAATG
GCCCAAACTC
GAGCAACGCC
ACAGCTAGAA
TACGTGCCAG
AAAGCGAGCG
GGCATTGGAA
TGGAATGCGT
GACGTTGAGG
GTAAACGATG
TAAGTGTTCC
CCGCACAAGC
TTGACATCCT
GGTGCATGGT
AACCCTTATT
ACCGGAGGAA
GTGCTACAAT
TACGTCTCAG

TAATACATGC
CGGGTGAGTA
CTAATACCGA
CTAGAGATGG
ATGCATAGCC
CTACGGGAGG
GCGTGTGTGA
TAGGAAATGA
CAGCCGCGGT
CAGACGGTTT
ACTGGTTAAC
AGATATATGG
CTCGAAAGTG
AACACTAGGT
GCCTGGGGAG
GGTGGAGCAT
TTGAAGCTTT
CGTCGTCAGC
GTTAGTTGCC
GGCGGGGACG
GGCGTATACA
TTCGGATTGT

AAGTCGAACG
ACACGTGGAC
ATAAAACTTA
ATCCGCGGTG
GAGTTGAGAG
CTGCAGTAGG
TGAAGGCTTT
TTTTAGTTTG
AATACGTATG
ATTAAGTCTG
TTGAGTGCAG
AAGAACACCA
TGGGTAGCAA
GTTAGGAGGT
TACGACCGCA
GTGGTTTAAT
TAGAGATAGA
TCGTGTCGTG
AGCATTCAGA
ACGTCAGATC
ACGAGTTGCC
AGTCTGCAAC

CACAGCGAAA GGTGCTTGCA CCTTTCAAGT

AACCTGCCTC
GTGTCGCATG
CATTAGTTAG
ACTGATCGGC
GAATCTTCCA
CGGGTCGTAA
ACGGTACCAT
TCCCGAGCGT
ATGTGAAAGC
TAGAGGTAAG
GTGGCGAAGG
ACAGGATTAG
TTCCGCCTCT
AGGTTGAAAC
TCGAAGCAAC
AGTGTTCTICT
AGATGTTGGG
TGGGCACTCT
ATCATGCCCC
AACCCGCGAG
TCGACTACAT

TCGCGGATCA GCACGCCGCG GTGAATACGT TCCCGGGTC

Figure 6. DNA sequence of the amplified

Cl1
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AAGGCTGGGG
ACAAAAAGTT
TTGGTGGGGT
CACATTGGGA
CAATGGGCGA
AGCACTGTTG
ACCAGAAAGG
TATCCGGATT
CCGGAGCTCA
TGGAACTCCA
CGGCTTACTG
ATACCCTGGT
TAGTGCCGAA
TCAAAGGAAT
GCGAAGAACC
TCGGAGACAA
TTAAGTCCCG
AGCGAGACTG
TTATGACCTG
GGTGAGCTAA
GAAGTCGGAA
1359

ATAACATTTG
AAAAGGCGCT
AAAGGCCTAC
CTGAGACACG
AAGCCTGATG
TATGGGAAGA
GACGGCTAAA
TATTGGGCGT
ACTCCGGAAT
TGTGTAGCGG
GACTGCAACT
AGTCCACACC
GCTAACGCAT
TGACGGGGAC
TTACCAGGTC
AGTGACAGGT
CAACGAGCGC
CCGGTGACAA
GGCTACACAC
TCTCTTAAAG
TCGCTAGTAA

16S rDNA from

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320

isolate



Leuconostoc sp. CR-310S (AF349931)
Leuconostoc mesenteroides (AB023246)

|\Leuconosz‘oc mesenteroides (AY675249)

Leuconostoc _mesenteroides C11 €—

Leuconostoc pseudomesenteroides (AF468002)

Leuconostoc fallax (AY929287)
Leuconostoc gasicomitatum (AF231132)
Leuconostoc inhae (AY675244)
Leuconostoc carnosum (AB022925)
Leuconostoc kimchii  (AF173986)
Leuconostoc kimchii _GJ2 <€—
Leuconostoc citreun  (AF111949)
Ai_‘*Leuconostoc cifreum C3 <€—

Leuconostoc citreum (AB022923)

Leuconostoc lactis (M23031)

lLeuconosfoc lactis (AB023968)

Leuconostoc garlicum (AY456086)

'— Leuconostoc argentinum (AF175403) 0.01

Figure 7. Phylogenetic relationship between Leuconostoc kimchir
GJ2, Leuconostoc citreum C3, Leuconostoc mesenteroides Cl1 and

other related bacteria based on 16S rDNA sequence
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3) WX %7] pHol W& W&

1 N NaOH =+ 1 N HCIZ pH 4.0, 5.0, 6.0, 65, 7.0, 10.022 H A3 MRS A
W R o] 30ColA 24Xy ARSI Zew jimchii G)2, Lew citreum C3, Leuw.

mesenterordes C11°] A5%5 A AT. F3=v 3UHA g 55 FA 5t

N

P2 JeElRAY. A A Fig. 103 2ol Zew citrewn C3E pH 6.0°] A FH
pH 70741l ®elelA & Asstlen, A5 HA pHe 700U Lew kimchii
GJ29} Zew. mesenteroides C112 pH 6.0 A58 pH 10.07FA1 2] HYdAA = =2 A&
st o A HA pHE Lew mesenteroides Cl11-& 7.001Q 3L, Lew kimchii G]25

1000z dze g9l 7 & AFsts Aoz YEsH

- 27 -



As00

0 3 6 9 12 15 18 24 36
Time(h)

Figure 8. Growth curves Leu. kimchii GJ2 , Leu citreum C3

and Leu mesenteroides CI1 in MRS broth at 30C

All values were mean * S.E.(n=3)
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0 1 3 5 7
NaCl concentration(%)

Figure 9. Effects of NaCl of the growth media on
the growth of Lewu. kimchii GJ2, Leu. citreum C3

and Leu mesenteroides Cl1

Incubation in MRS broth containing 0~7% NaCl at 30C for 24 hours

All values were mean + S.E.(n=3)
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4 5 6 6.5 7 10
Initial pH

Figure 10. Effects of initial pH of the growth media on
the growth of Leu. kimchii GJ2, Leu. citreum C3 and
Leu mesenteroides CI1

Incubation in MRS broth to adjust the pH 4~10 at 30C for 24 hours

All values were mean + S.E.(n=3)
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Figure 11. Acid tolerance of the EPS producing isolates
in 0.05 M sodium phosphate (pH 3.0)

All values were mean + S.E.(n=3)
1 Preculture in MRS medium at 30C for 24 hours

* Preculture in sucrose medium at 30°C for 48 hours
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Figure 12. Survival of the EPS producing isolates in
artificial gastric juice of pH 3.0
All values were mean = S.E.(n=3)

L Preculture in MRS medium at 30°C for 24 hours

* Preculture in sucrose medium at 30°C for 48 hours
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Figure 13. Bile resistance of the EPS producing isolates

against 0.3% oxgall

All values were mean * S.E.(n=3)
L Preculture in MRS medium at 30°C for 24 hours

* Preculture in sucrose medium at 30°C for 48 hours
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Figure 14. Bile resistance of the EPS producing isolates

against 0.5% oxgall

All values were mean + S.E.(n=3)
" Preculture in MRS medium at 30°C for 24 hours

* Preculture in sucrose medium at 30°C for 48 hours
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Figure 15. Bile resistance of the EPS producing isolates
against 0.3% oxgall after treatment for 2 hours in artificial

gastric juice of pH 3.0

All values were mean + S.E.(n=3)
" Preculture in MRS medium at 30°C for 24 hours

* Preculture in sucrose medium at 30C for 48 hours
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Table 5. EPS production by Leu. kimchii GJ2, Lew citreum C3 and

Leu. mesenterordes CII1 in sucrose broth at 30C for 48 hours

EPS(g/L) Total Total
Culture
1 2 sugar (g%) protein (g%)
Leu. kimchii GJ2 21.49(+0.46)" 14.61(+0.09)  96.48(+0.49) 0.8(+0.26)
Lew citreum C3 16.46(+0.79) 7.73(x0.09)  89.38(+0.33) 0.9(£1.04)

Leu. mesenteroides Cl11 9298(+0.72) 4.77(£0.08) 91.05(£0.28) 0.95(+0.45)

*Values are mean + S.E.(n=3)

1. Isolation of EPS by ethanol precipitation
2. Purified EPS
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homo® 2] EPSE F4& 4 JAH(Fig. 16). Bt} A& FA4 S fd A 7t s
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Figure 16. Thin layer chromatogram after acid hydrolysis of

the EPS produced by Leu Fkimchit GJ2, Lew. citreum C3 and

Leu mesenteroides Cl1
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: acid hydrolysis product of EPS from Zew Awmictii GJ2
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. acid hydrolysis product of EPS from Zew. mesenterordes C11
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Figure 17. HPLC chromatogram after acid hydrolysis of the EPS
produced by Leu rkimchii GJ2, Lew citreum C3 and Leuw.
mesenteroides Cl1
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BT F Leu kimchii GJ2, Leu citreum C3, Lew mesenteroides Cl12YF¥ 9
EPS7F 2% 2L £79 Y(glucose) o TAEHUSAE B4t A2 o2 3o
EPSE AA AT 359 ®2dFE sucrose LA NAAA WFSA Lew konctii
GJ29] AS BT 35S 7IA+= F9WE Feo EPSE AL Lew citreum
C3t EFWIHA &3 e EPSE AASIY, Lew mesenteroides Cl191 4=
L5 oA FA A= duE vUedo mad 2 dF9 sucrose MY A

I ool gkE AHste] 33 crude EPS, AA EPSel s H=5 FAs ®okv A=

o,
2

= 2ol EPSE 3WH FHldtel FA3 AARE HAFA=E YeEddn. 50 mL
sucrose Wl F N & A3t Zh7be] Al EPSY AEE AT A (Table 6) &
T Lew jfomnchii G)2, Lew. citreum C3, Lew. mesenteroides C112] wjoF A=A oo
Z+7y 13.03 cp, 7.31 cp, 221 cp¥ oW, crude EPSol A= 22z 48215 cp, 139.25 cp,
5.39 cp, AA EPSol A= Z+ZF 4662 cp, 3,633 cp, 3.67 cpE AWA O 2 Lew kimchir
GI228H 9 EPS/F 7MY =2 AEE YeWow, Zeu mesenteroides Cl1125-€ 2
Atk ey o9} e A= 7 REdFETH EPS

A whe Folzt AEel L WAL F JomE A7 FFFLIHe

EPS7} 7H 92 HE &

.
e

|
e

crude EPS¢ AAl EPSE T U =A% w/v)E AT Ad daid= d=5 FA5

O:

ATt 1 A Zew citrewrn C39149 crude EPS®F A A EPS7F Z+2F 136.3 c¢p, 3,719
cpE M =S AL E e, Zew khonchi GJ2° 735 Zb7F 119.4 cp, 266.3 cpS
o, Lewu mesenteroides C112 Z+2Zt 357 cp, 6.07 cp= vHlwd & Ao]lE Holw 7}
F e AEE dErYh ol¢k Hls=d ZAI=E Elisabeth J.of ()0l 2fstH
Streptococcus thermophilus Rs 9 Stsoll A A5 EPSY 7% galactose®} rhamnose
7 5 1 282 FAEHY 2 FRE YASIANY Streptococcus  thermoplulus Rse=
non-ropy 3+ EPSE Streplococcus thermophilus Stst ropydr EPSE A A sl=d], o]
¥ #FEFEH AAYE EPSY B #[Rs 26x10° kDa, Stsi 3.7x10° kDa)e] o]

ofg Aypetar wastd. @, HAkol tE ajlowM YA EPSEitY 2%
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zZ9o zols s B 4+ Auk. BRI F Lew kimchii G]2, Lew citreum C3, Leu.
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™
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-1,2 glucosidic 2% o2 FAHET40). dextran®] 7% 95%2 a-162%oz TAH
214 9] polysaccharoseol™ a-1,2, a-1,3, a-1,47} 7}A & o] F = A $ Z+ZF dextran A,
!
T84 glucan©]™ alternan< a-1,67 a-1,3 glucosidic Z3o] o= FA 5o At}
(40). 2Tz Aoz & M= 2 549 vy glucansol EA ST}, Jeanes

S(2009 Hao| oFH  Lew mesenteroides NRRL B-13557F 71+ ¥ H 9

ol

ot

dextran B, dextran C7} ¥t} mutan< 50%°]4 9 a-1,3 glucosidic 2&S A

polysaccharideE AAst=d stys FHe =842 =%+ polysaccharide(fraction L)
ol ©& sy E F84 polysaccharide(fraction S)& fraction LY A Zew
mesenterordes NRRL B-512FZ %8 AA ¥ dextran¥ A+ 95% a-1,6 glucosidic
Agd 5% a-1,3 7FA 2 A E polysaccharide] © ¥, fraction S alternanl & o] F
o Ftha HWargkul 9)

wab B Ao B3 Zew Aonchii G)2, Lew citrewmn C3, Leuw
mesenteroides C11Z2%6 A" EPSQ HAEzaols o9 AFdtxe HAH9 A

olo] og Ao Azt o] X},
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Table 6. Viscosity of the fermentation medium and EPS solution

by Leu. kimchii GJ2, Leu. citreum C3 and Leu. mesenteroides Cl1

in 50 mL sucrose broth at 30 C for 48 hours

fermentation L
EPS extracted (centipoise)
Culture medium
(centipoise) 1 2 3 4
. .. 13.03 482.15 1194 4,662 266.3
Lew. kimchii GJZ (2022 (2725)  (2006) (:007)  (£05)
. 7.31 139.25 136.3 3,633 3,719
Lea. citream C3 (+0.04) (£025)  (£0.03) (£10.97)  (£3.0)
) 221 5.39 3.57 3.67 6.07
Leu mesenteroides C11—— [ (£0.05)  (x0)  (£0.06)  (+0.02)

*Values are mean + S.E.(n=3)

1. Isolation of EPS by ethanol precipitation dissolved in 20 mL water

2. 4% solution of EPS by ethanol precipitation

3. Purified EPS dissolved in 10 mL water
4. 4% solution of purified EPS
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